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ABBTRACT

Population estimates were made of the fish populations in two
pothole lakes during the summers of 1969 and 1970 using three methods.
Pumpkinsesds and largemcuth bass were present in Flummervrs Lake and
yellow perch in Cabin Lake. Trap nets were used to capture pumpkin-
seads and perch while hook-and-line was used to capture most bass.
Data collected by trap netting and angling were used to make population
estimates using the method of Schnsbel snd Delury. During the summer
of 1870, after the esrimates based on the Schnsbel and Delury metheds
ware completed, the lakes were rehsbilitated and the populations of
21l species wers estimated using the Petersen method. The tetal esti-
mated number of pumpkinseeds over 2.7 doches long was 52,911 with a
standing crop of 142.8 Ib/acre. IEstimates based on the method of
Petersen and that of Schnabel were in close agresment foy all but fish
in the smallest size group. The annual survival rate for pumpkinseeds
in age groups 1IT through VIIT was 51 percent. The total number of
parch over 2.8 inches long was estimated at 29,150 with & standing
crop of 82.6 lb/acre. The number of perch estimated by the Schnabel
method was lower than bv the Petersen method for all size groups with
a range in differences from 9 to I3 percent. The standing crop for s
total estimated population of 2,239 largemouth bass from 2.7 te 11.9
inches long was 13.4 I1b/acre. The survival rate for bass was estimated
as 50 percent. Estimates based on the Delury method were not saltis-
factory. Population estinstes using the Schnabel method for 196% ave
compared to those for 1970. Net selectivity for large fish., nonrandom
distribution of marked fish and other factors affecting the accuracy
of the estimates are discussed,

€



INTRODUCTION

integral part of fisheries

ot
]
i

Estimates of fish populations are an

foued

able for making

foet

investigations and there arve several methods aval
astimates. This stuwdy compares the results of three methods on the
same popuiations.

Yellow perch (Percqg flavescens) from Cabin Lake and pumpkinsesds

{Lepomis gibbosus) from Plummers Lake wers collected with frap nets.
Largemouth bass (Mieropterus sglmoides), in Plumers Lake, were cap-
tured by angling snd trap netting. Dara collectsd by trap netting

and angling were used to make population estimates using the method

of Behnsbel and of Delurv. During the summer of 1970, after the esti-
natas based on the Schnabel and Delury methods were completed, the

lakes were vehabilitated and the populations of all species were esti-
mated using the Petersen method. Trapping and angling were done during
the summers of 1969 and 1970. Estimates based on the method of Petersen

and that of Schnabel were in cloge agreement but those based on the

Delury method were not,



DESCRIPTION OF STUDY AREA

Cabin and Plummers Lakes are two of move than 30 peothole lakes in
the kame and kettle ares on the east Kalispell Vallev terrace, abour
15 miles sast of Kalispell, Montana. The terrace was Iormed from gla-
cial deposits {onizeski ef gl. 1988). The lakes are in stesp-sided
hollows surroundsed by ridges covered with conifer trees and shrubs.

Cabin and Plumners are closed lakes recelving most of their water
from subsurface springs. Water levels in the lskes rise during the
summer and recede during the winter. In 1965, the water level in
Czbin Lake was highest in Septembey; Plummers was highest in August
(Eonizeski ef gl. 1%68). fimilar water level fluctustions occocurred
during 1969 and 1970,

Seme vhysical and chemical characteristics of Cebin and Plummers
Lakes are presented in Table 1. Cabin Lake is L-ghaped with steep
irregular shores. 4 small island, less than one acre, lies in the
bend of the "L". The west shore descends abruptly to the despest arsz
in the lske. Plummers Laske is kidney-shaped with smeoth, steep shorves.
4 small isiand, visible in early summer and late fall, is located
about one-third the length of the lake from the northeast end. The
bottom of the northeast one-third of the lake slopes sharply to form
& desp cone.

Charg sp. snd Dreponocladus sp. were the predominant plants in

Cabin Lake apd coversed mest of the bottom. Uther agustic vegetation
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and in all but the bottom of the deep northeast end of Plummers.



METHOLS

Four trap to capture vellow perch and pumpkinsesds

i
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each year. In 1969, two fyke nets of one-inch square mesh were used,
Each was about 10 fest long, with a 3-foot diamefer opening, and fwo
25 foot wings. In addicion, two modified fyke nets of one-halfl inch
square mesh were uged. Hach consisted of a 12 foot long hoop net with
a 3-foot diameter opening, preceded by 5 3 x &6 »n 2 foot box of mesh-
covered steel frames. Extending from this box was a four foot high
Tead, In 1970 only modified fyke nets were used, each differing only
in length of lead (range 35 to 50 feet). Most bass were captured by
angling but a few from 2.7 to 4.7 inches long were captured in the
traps.

£11 trap nets were 1ifted and moved s short distance sach day.
Trapping was not complete until the entire perimeter of sach lszke had
received approzimately sgusl netiing pressure. A record was made of
marked and ummarkad fish, and all unmarked fish were fin clipped.
Measurements (length and weight) were made of a large sample of vellow
perch and pumpkinseeds and on all largemouth bass. For age-growth
analysis of each species, scsles from approximately 50 fish were col-
lacted for sach inch group, except for large fish wherse sample size
was small. A1l fish were returned to the lake nsar the point of

caphurs.



A single mark was ussed for all fish of z species captured during
1969, In 1270 each lake was arbitrarily divided into four areas of
approximately egual shore length and numbered consecutively. A dif-
ferent fin clip was used to mark fish caught in each area and dorsal
spine clips wevre used to indicate the number of times a fish had been
recaptured in a particular area. Each lake was rehabi
Pro-Nex Fish toxicant spraved from a boar at 2 concentration of approxi-
mately 1.0 ppm immediately after trapping was completed dn 1970, As
many fish as possible were checked for marks and additional measure-
ments and scales warve taken at that time. Estimates of the populations

based on the Petersen method (Bailey modificstion) were mede using

formula 5 of the Michigan Institute for Fisheries Research {(1%960):

N, (N,+1)
population estimate & eSS
(N 1)

Confidence Intervals were calculated using formulas & of the Michigan

Ingtitute for Fisheries Research (1960}

{?O§aaste}2 (M
(Moy+1) (Wy,+2)

variance of population =

where N, 1s the number of f£ish caught, marked and relszasad in the first

gampls



K, iz the rotal number of

ok

Ny is the number of recaptures

)

Jovke

Population estimates based on the Schnabel

formulsas 3.12 of Ricker {1558):

H =

Confidence intervals ware set for 1/H

v 5

following equation:

n the sescend samole.

figh caught in the second sampls.

method were made using

[ and then inverted using the

1
Ci =
/N = (v v {Yvar. of 1/¥ )
95, n-1
where 1/H = vt and the variance of 1/N = @W:E%wwzg formulase 3.13
S{CyMe) S(CpM,J

and 3.14, respectively, of Ricker {19538},

¥ the population estimaie

&
Rt

¢ the total mumber of fish captured

A A

Eﬁ the total
time t©

£ the total number of

5 deg the summation of terms.

Fopulstion estimates based on the Delur

formulae 2.4 and 2.5 of DeLury (19313, Con

marked at large at the beginning of th

}mh«

The symbols are:

during time ¢

L

recaptures during the experiment and

method ware made using

dence intervals ware



calculated using formulae 2.6 and 2.7 of Delury (1
Survival was estimsted from the shbundance of

groups, using the methed of Jackson (1939):

whare N is the abundance of each age group.
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netting of pumpkinsseds in Plummers Lake was carried out fox
11 davs between June 16 and July 3, 1970. A total of 8,345 pumpkin-
sesds were captured in 36 pet sets during that time. On July 7th the
lake was rehabilitated. Thirty people, including a high school blology
class of about 20 students, collected fish., A4 total of 6,271 pumpkin-
seeds was collected and examined on July 7th and 8th and length
measurements were cobtained for 33 percent of those collected.
Pumpkinseeds were grouped inte size intervals to avold bilas in
population estimates due to net selectivity feor larger fish and fo
facilitate estimates of the abundance of fish in sach age group. In-
creasing rates of recapture of fish in the larger size groups indicated
that the basic assumpticn of equal wulnerability of zll fish te the
trap netting was not met, The rates of recaptures (receptures/marked
at large) were 1.6 percent for 2.8-~3.3 inch fish; 14 pexcent for fish

1

3.6-4.5 inches long: 26 percent for 4.6-3.5 dnch fish and 35 percent

for those larger than 5.5 inches long. Rates obtained from xehabil-

itation were 1.3 percent for the 2.8-3.5 inch fish and 74 percent for

ot

each of the next three larger size groups. These data substantiate the

guggestion by Latta (1959) that estimates of total population numbers,

where trap nets are usaed, should be made by estimating the abundance

of sach size group separately.



marked fish distribute themselves randomly throughout the entire popu-
lation being estimated {Ricker 1958). An indication of nonrandem

by comparing the number of fish recaptured in the avea of initial
marking to the number recaptured in other aresas {(Carlander 1970;
Lawrence 1952). The percent of recaptures occurring in the area of

initial marking ranged from 49 to 8% (Table 2}. In three out of four

H

cases the aves with the fewest recaptures was alsc the farthest fro
the area of marking. The potential bias due to nonrandom mixing In
this study was offset by systematically applying approximately equal
fishing pressure to all portions of the lake parimeter,

An example of data tabulatieon for making a Schnabel estimate of
a size group is presented in Table 3. Ceatch statistics, population
numbers, and confidence limits for Petersen and Schnabel estimates
were computed for each size group (Table 4). Estimates for the thres
largest size groups given by the two independent methods are in close
agreement, with differences ranging from 3 to 18 percent. The Petersen
estimate for Z.8-3.3 inch fish is 40 percent higher than that given by

e =
£

the Schnszbel method. The confidence dntervals for both types of esti-

mates are relatively large reflecting the low rates of recapture neted

-

previously for this size group. The possibility of the Schmabel

estimates being biased due to net selectivity and the nonrandom mizing

«,



Teble 2. A comparison between the numbers of pumpkinseeds vecaptured
n and outside the ares of initisl marking {percent in

arenthesas),

71

Aresa of Ares of Recapiurs

Marking 1 2 3 A
i 310 (69} 42 (93 55 {12} 43 (107
2 78 (26) 160 (55} 46 (169 9 ( 3)
3 37 (13 63 (16} 187 {49} 76 (205
% 22 (9 8 {8 68 (28 131 (553

Table 3. Trap net data used fov estiﬁatiﬁg the numbey of pumpkinseads

4.6-5.5 inches long by the Schusbel method.

Humber Number Humber Marked

Captured Recaptured Marked At Large
Date {Ce) (R} {thaiﬁ My ) (CeMys
Juns 17 440 o &40 iy 0
June 18 774 37 737 440 340,550
June 189 378 &6 332 1,177 444,906
June 23 325 83 245 1,489 LEE, 302
June 24 197 54 143 1,734 341,598
Jups 25 187 50 137 1,877 3§§3999
Juns 26 248 i 187 2,014 599,477
June 30 293 35 238 2,201 644 893
July 1 269 97 172 2,439 %5@ G2l
July 2 369 137 232 2,611 963,459
July 3 303 97 cae 2,843 ﬁ" LLZG
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of marked with unmarked fish make 1t probable that the Fetersen geti-
mates 2re the most accurate.

Delury estimstes sare dependent on the application of uniform eiw-
fort and catching a large portion of cthe population. In addition,
there must be no competition betwesn units of geary and the catchability
of fish must vemaln copstant thyougnout the frapping pericd. Calou-

latdions are accomplished by determining the ragression between fhe {wo

varishles: catch of uvomarked fish ver unit effcyr and accumulate
catch of unmarked fdish. The catch must be of sufficient magnitude to

cauze 2 decline in the numbers of unmarked fish captured over the study
paricd, which resulis in s negative regression. HNegstlve regressions
warse obiained for all size groups estimated but it was found thar none
of the regression cosfficients were significantly different from zero
at the 95 percent level of gignificance so the populstion sstimates
could not be made., Although 6,800 pumpkinseeds were marked, this
represented only 12,6 percent of the total population estimated by the
Petersen method which was not of sufficlent magnifude To obfain an esti
mate by the Delury method.

The age of 153 pumpkinseeds was determined, and length at sach
able 3). Abpur 90 percent of fish 2.8-3.3

. Fisgh 3.8-4.35 inches long ware pre-

The percentages of 4.6-5.5 incn fish in age groups ¥V and VI were 53 and



able 5. Aversge calculated lengths at each anculius for pumpkinsesds
collectad in 1970,

Yaar Age  Ho. of Ave. Calculated length at each annulus
Class Group  Fish  Length 1 Z 3 4 5 ] 7 8
1569 T 23 1.7 1.1

1958 I g 2.5 .8 2.0

1867 ER 47 3.0 0.7 1.3 2.7

1568 Iy 23 3.8 0.6 1.5 2.3 3.4

1565 v 55 4.6 0.6 1.7 2.7 3.5 4.4

1964 Vi 23 5.2 0.6 1.5 2.4 3.4 4.2 5.0

1983 vIiz S 5.8 0.7 1.6 2.6 3,3 4.2 3.0 5.6

1862 VIII 2 6.3 0.8 1.8 2.4 3.1 3.8 4.6 5.4 :.9

43, respectively, while 82 percent of figh larger than 5.6 inches wars
plder than VI vears.

The age distribution of each size group in the sample was projected
to the entire population using estimates obtained by the Pstevsen meth-
od. The projected distribution was as follows: age group III, 26,165;
age group IV, 9.917; age group V, 13,033: age group VI, 3,388; age

group VII, 393; age group VIII, 15, Using the Jacksoun method the an-

15 4+ 3%3 403,368 4 13,053 4+
393 + 3,368 + 13,033 + 9,917

nual survival rate was sstimated as: s

9,917 4 . e
bt %100 = 51 percent. Thus, the rfotal sanusl mortalicy rate
¥ 26,165 pe : = 7 Ease

was estimated as 100-51 = 49 pevcent. The total annual mortality vate
hasaed on data obtained from the Schnasbel population estimate was 41
percent,

The total standing crop of pumpkinseeds over 2.7 inches long based

on population estimates using the Petersen method was 142.8 Ib/acre;



i
}w..\
i

]

]
[
o
i)
s
e
]
i
€3
o3
e
]
oy
i
§“ t)
5
@
4
ol
i3
o
§""7
e
5
H
15
jee]
]
Fnd

percent lsss (Table 43,

Forty net sers in Cabin Lake over 11 davs between July Zist and

August 7, 1970 vielded a total catch of 6,133 vellow perch. The lske
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collected 4,838 perch

from 71 percent of those collected.

Parch were grouped into size intervals to compensate for possible
bizg due to net selsotivity fov large fish. Recagpture rates obtained
for various size groups were: 13 percent {(3.6-4.5 inches), 10 percent
(4,6=5,5 inches), 11 percent {5.6-6.5 inches) and 18 percent for those
5.6 inches and longer. Rates from the rehabilitation were 9 percent
for the smallest size group, 1%, 18, and 18 percent for each of the
newt thyee larger size groups, rvespectively., These data do not suggest
strong net selectivicy for large perch. Honrvandom mizing of marked
fish throughout the entire population was suggested for perch (Table a3,
The percent of recaptures from the area of initisl marking vanged from

fuiy

45 e 82. The combined percent of fish recaptured in the area in whi
2 P o e B 35 s L .
they were initially marked and in one of the two adjacent arsas ranged

from 85 to 96, This scurce of bias was compensared Loy by sysismai-

lcall

e

applying approwimately equal fishing pressure to all portions of

the lazke perimster.

[

Perch statistics were summarized and population estimates calcu-

3

lated for each size group by the Petersen and Schnabel methods (Tabl

m

i

{1



Teble &. A comparison hefween
in and cutside the
parentheses).
Area of Ares of Recapiurs
Marking L 2 2 4
1 101 (68} &7 {28} 5 (33 1 (0.7
2 26 {103 219 {82) 20 (N 2 (0.7
3 8 {3 a0 {2573 107 {67 4 {3
4 33 (an) & (10 4 ¢ 5) 37 {453

Schnabel sstimates were lower than Petersen esiimates for zach sizs
voup: the differences ranged from Y ¢o 23 percent. In this situation
¥ & -

a8 with pumpkinsseds, the Petersen estimates are probably least vulner-

able o bilas.

a

Age was determined and length st each anpulus was calculated for
184 vellow perch collected in 1970 (Table B). Difficulty was experi-
enced in acourately aging fish past age group II due to slow growth,
dense compactlon and ercsion on the edges of the scales, The age
distribution projected from the sample on the basis of data obtained
from the Petersen population escimates was: age group I, 5,076: age
group 11, 700; age group ITI, 14,282: age group IV, 7.903; and age
group ¥V, 189,

he estimated number of fish in age group I is undoubredly low
since only the larger individuals in this zge group were captuved. Age

group 1T perch accounted for only 3 percent of the total estimated

population of fish over 3.5 inches long, which suggests a weak (1968)
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g

ge calculated lengths at each annulus for yvellow perch
o { g7

Year Lge Ho. of Ave. Czleoulated length at sach annulus
Claas Group ¥Fish Length 1 Z 3 4 5
1870 0 29 2.7

1968 I 46 4.4 2.8

1968 Iz 3 4,5 1.8 3.2

1967 1T 64 5.8 1.3 2.1 .4

1966 v 7L 6.3 1.2 3.1 4.4 5.4

1865 v 4 6.8 1.5 2.9 5.0 5.1 6.0

vear class. Thig weak vear class was glso observed for pumpkinseeds

-t

{Tzble 5) and largemouth base (Table 10) from Plummers Lake. Over 48

percent of the population was made up of fish in age group II1I. Diffi-

culties experienced in aging larger perch probably resultfed in under-

aging many fish since one or more anmull on the edge may not have been

e

distinguishable. The wide range of sizes (3.6~8.3 dnches} classifled
sz age 111 also suggests underagling. The above reasons probably ac-
countad for a guestionable zalculated annual survival of 70 percent
uging the Jackson method.

The total standing crop of vellow perch over 2.8 inches long based

on population estimates using the Petersen method was 82.0 1b/acre;

E

uging the Schonabel method 1f was 12 percenr lesa (Tabl

B

Eleven davs of frap netting snd approximately 1i0 men~-hours of

hiopk-and-line fishing in Plummers Lake hetween Jume 16th and July 3,

1970 vielded a total caich of 250 largemeuth bass. The trap nets



captured only bass from 2.7 fo 4.7 inches long while hook-and-line

4

fishing caught only those 5.9 inches and longer. TFlummers Lake was

462 lavgemoutrh were collected and pro-

4]

ahab

i
e
e

.

litated on July 7th an
cessed. Bass were arbitrarily divided into two size groups. Small
sample size and the relatively small number of recaptures preventad
the determination of gear selectivity and distribution pattern of
marked fish.

The Petersen estimate of 2.7 to £.9 inch bass 1g 44 pervcent higher
than the Schnabel estimate of this size group and 12 percent lower Than
the Schnabel estimate of the 7.0 to 11.0 inch fish (Table 9)}. The

small sample size of bass less than 7.0 inches long is concelvably the
I oS

s

[

principle cause for the differences between the two estimatss. Ths

I3

Patersen estimate should be velatively free from bias, and since 1t
wag based on nesrly twice the sample size and had & 7 percent higher
recapture rate, as compared to the Schnsbel estimate, it is probably
the most acourate.

ige was determined and lenmgrh at each annulus was calculated for
223 largemouth bass from scales collected in 1970 {(Table 10). The
projected age distribution of the population based on the Fetersen esti-
mate 1s: age group 1, 1.,123; age group II, 39:; age group III, 64/7; age
it

e G g ]
e total estimalbad

group IV, 376 age group ¥V, 32. Only 3 percent

[

population of basg between 2.7 and 11.0 inches long were placed In age

group [T, indicating a wesk {1968) vear class. Using the Jackson



. T

Table 9. A summary of 1970 largemouth bass caifch statistics with
Patersen and Schnsbel population estimates and confidence
intervals (0I) for each size group.

Marked Estimated

Zizs Type Total Total at Numbers

Group Zstimate Caprure Recapture Largs {C17

Petersen 263 2z 157 1,874
2.7-56.9 {2,422-1,5326)
Schnabel 168 11 157 1,110
{2,241= 7203
Petergen 199 54 73 265
7.0-31.0 {166-364)
Schnabel g2 g 73 300
{750~-188)
Petaersen 467 74 230 2,239
TOTALS
Schnabel 250 20 230 1,418

3

Table 10. Average calculated lengiths at esach
bass collected dip 1970.

annulus oy largemouth

Year Age Ho. of  Ave. Calculated length at esach asnnulus
Cizss  Group Fisgh  Length i 2 3 A 3 6 7 g
1969 I &7 3.6 2.7

1968 il 3 4.4 1.8 3.7

19467 IIi 63 £.8 1.9 3.7 5.9

1966 v 79 7.9 1.6 3.7 5.1 5.8

1963 v 18 10.3 1.9 4.1 5.9 7.5 4.2

1964 vi 0

1ge3 Vit i 1Z2.4 LB O3, 4.4 B, 6.7 B.0 10.56

1862 VIiL Z 14.0 1.8 3.1 4.0 3.0 &.6 B.1 9.9 12.3




mathod e estimated annual survival rate through age group V was:

2 - E P Ay B N + EWaTe) s - Tl % o 3
G = 32 + 375 + 647 + 5C X 106 = 50 percent. Using the Schnabel

376 + 647 + B9 4+ 1125
population estimate the annusl mortality vate is calculated as 44
neyeent .,

The total standing crop of bass 2.7 te 11.0 inches long based on
the Petersen population estimate was 13.4 1b/acye; using data obtained
from the Schnabel sstimate 1t was 8.0 Ilb/acre. The combined standing

crop of pumpkinseeds and largemouth bass io

Patersen estimate was 153 1b/acre.

Schngbel estimates were made for all thres apeciles in 1969,
captured were grouped into the same size intervals as in

facilitate comparison of the eastimates for the two vears.

for pumpkinseeds was conducted

8th and included 36 net gets. Trapping for

dave between June Zird and July 9th and fov

A

and 13th. 28

total of net sets were mads

Plummers Lake based on the

Fish
870 o
Trapping

for 17 days between July 10th and August

]

=

perch was conducted fox
3 days between August 1Zth

during the 12 days. Al-

though the teotal affort expended in capluring pumphkinsesds in 1989 was

considerably more than inm 1970 (11 days and

46 nat sets; the total caitch

was 62 percent less in 19689 (Table 11). Effcrt expended in capfuring
parch was slightly greater in 1970 {11 days and 40 net seis) with a 50
percent greater catch in 1970. The fvke nets used in 1969 csptured 76
percent fewer pumpkinseeds, on the average, than the modified fyke nets
and 95 percent fewer vellow perch. FPart of this differsnce in catch



Teble 11, A comparison of 196% and 1970 population estimates calcu-
lated using the Schnebel method (coniidence intervais in
parentheses).

1969 1969 1870
Total Size Estimates Estimates
Species Capture Sroup (CL {01
Pumpkinsead 3,217 2.B-3.5 3,453 16,988
{5,882~2,044) {42,300-10,592)
3.6~4,5 6,203 13,8670
(7,634-53,280; {13,833-13,504)
4,6-53.5 5,944 7,587
{(6,766-5,302) (7,038~7,537}
5.6% 255 i37
{611-379} {154-123;
TOTALS 15,4677 38,432
Yallow perch 3,094 3.6-4.5 10,432 5,487
{15, L8B-7,8419) {4,851-6,319}
4,06-5.5 14,177 16,468
{33,704~8,976} {18,750~-17 410}
5.6-6.5 1,881 3,665
{3,312-1,313) {3,007-4,494)
6. 6% 267 243
(LB1-185) {L60-458;
TOTALS 26,667 25,864
Largemouth Bass 221 2, 76,9 1,277 1,110
(%,159-755; (2,421=7207

‘Mo bass smaller than 4.9 inches long were caprured in 1869,



G

was dug to the sne-inch mesh size of

[l

he fyke nets which captured no
pumpkinseads smaller than 4.0 inches long and no vellow perch gmelley

than 4.8 inches long. The average catch per net of pum

1969 was B7 compared to 23%7 dn 1970 when only modifi

[
Fh
b}
=i
te
:
]
o
@
=
iy
jt]
g
B

used. The catch per net of perch in 196% wes 110 compared to 153 1

]

1870,

The total pumpkinseed population sstimated in 1969 was &0 percent
lower than in 1870, The principle difference was in the numbers esti-
mated for 2.8 to 4.3 dnch fish., The fotal number of perch esiimsted
in 1969 was only 3 percent higher than in 1870 but for fish in the 3.0
to 4.5 inch group it was 53 psrcent higher (Table 11).

The distribution of net sets alsc differved between 1969 and 1970,
In 1%69 several locations were sampled as many as three times. In
1970 no net was svar set in a locatdon that had besn previcusly sampled.

Approximately egqual effort was expended in fishing for bass in
1969 and 1970 but there was a 17 percent greater total catch in 1570,

The estimates of the total population differed by onlily 7 percent with

the highest estimate for 1969.



{abin and Tlummers Lakes had favorsble characteristics for making
population estimstes. The relatively swmall surface aves made possible
adequate sampling in & short time reducing the chances of bias due to

mortality or vecrulitment through growth. Being closed lakes and rels-

i

tively shallow, additions te and lessss Trom the population

i%l

hroug!

oo

migration were minimal. The lack of fiehing pressure precluded the
chance of significent error due o fishing mortalicy,

Some sources of blas can be offset through careful plamning of
procedures. The use of fin clips made fdentification easy and lessensd
the chance of tag loss. Differentisl vulnerability to trapping and
nonrandom mixing of marked with unmarked fish were suspected in 1959
and were considered when planning the 1970 sampling procedures.

The differences between 1969 znd 1970 estimates of pumpkinseeds
and perch were probably due elther Lo the use of two different Cypes
of nets in 1969 or to a less systematic sampling procedure. The use
of one-inch square mesh nets in 1969 could have caused & misvepresan~
tation of gmall fish in the sample in relation to large fish which
ware caught by both mesh sizes. Repeafed sampling of certain locations
in 1%6% could have resulted In an undevestimation of the total popu-
lavions of pumpkinsesds and perch.

Another interesting point to consider is that 17 the 1969 estimates

hiad been the only ones available the relatively narvow confidenc

w



limits could have instilled false confidence in the accuracy of the
estimates {Table 11}. When interpreting the results of population
estimatas it ds lmportant te kYnow that confidence limits messure ac—
curacy mainly as it is affected by the number of recapiures and that
sample size and proportion of fish marked ave important only as they
affect the number of recaptures (Delury 1931). The relatively good
recapture rates of pumpkinseeds and perch {(range 4 to 19 percent in
1969 dn relatdon to toval catches was probably due Lo repeatedly
sampling certain locations,

Age information collected in 1870 on pumpkinseeds, perch and
largemouth bass show dispreoportionately small numbsvs of age group
IT fish {(Tsbles 5. 8, and 10, respeciively). The appearance of a weszk
year class in three different azpecies fvowm Two sspavate lakes suggests
something more than colncidence or sampling €rror. Some environmental
factor probably affected either spamming or survival of young in 1963,

The survival values calculated using the Jackson method arve af-
fected by the relative strengths of the yesr classes. Ricker (1858)
suggests that the principle source of error in this type of survival
estimate is the variable initial size of the broods involved. The
small numbers of both largemouth bass and pumpkinseeds clasgified in
age group 11 would influence the accuracy cof the survival rvafes calcu-

latead.
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